The presence of serotonin-containing neurons in the hypothalamus of the rat and cat was studied by immunohistochemistry.
Summary.
The presence of serotonin-containing neurons in the hypothalamus of the rat and cat was studied by immunohistochemistry.
In the rat, a group of serotonin-immunoreactive neurons was observed in the nucleus dorsomedialis hypothalami following nialamide pretreatment at a high dosage (over 300 mg/kg).
In the cat, serotonin-immunoreactive neurons were sparsely distributed in the ventral part of the middle to the caudal lateral hypothalamic area after high dosage (500mg/kg) nialamide pretreatment. FUXE and UNGERSTEDT (1968) first identified an additional group of serotonergic neurons (B-10) in the nucleus dorsomedialis hypothalami (DMH) using formaldehyde-induced fluorescence (FIF) histochemistry following intraventricular infusion of serotonin in a monoamine oxidase inhibitor (nialamide) pretreated rats.
Since then, the existence of Serotonin-containing neurons in the hypothalamus of the rat and cat has been demonstrated by fluorescence histochemistry and autoradiography using [3H]-serotonin (POITRAS and PARENT, 1975; CHAN-PALAY, 1977; KENT and SLADEK, 1978; BEAUDET and DESCARRIES, 1979) .
Recently, an immunohistochemical method with anti-serotonin antisera has been applied to the study of the serotonergic neuron system of the hypothalamus (STEINBUScH and NIEUWENHUYS, 1981; UEDA et al., 1983) . In these studies, serotonin-immunoreactive perikarya could not be found in the hypothalamus of non-, colchicin-and nialamidepretreated mammals.
However, using the immunohistochemical method with both monoamine oxidase inhibitor (nialamide or pargyline) and serotonin precursor (Ltryptophan) administration, FRANKFURT et al. (1981) and STEINBuscH et al. (1982) reported on the presence of serotonin-containing neurons in the DMH of the rat. The present study demonstrated serotonin-immunoreactive perikarya in the hypo-thalamus of the cat after a high dose of nialamide was given in pretreatment, and a similar arrangement in the rat hypothalamus.
MATERIALS AND METHODS
Thirty male rats (weighing 200-250 g) and ten adult cats (weighing 2-3 kg) of either sex were used in this study. Five rats and two cats were injected intraperitoneally (i. p.) with 100 mg/kg of the monoamine oxidase inhibitor, nialamide, while ten rats and four cats were given 300mg/kg i. p., and ten rats and two cats were given 500mg/kg i. p. Five rats and two cats were given physiological saline i. p. The animals were anesthetized with Nembutal 2.5-3 hrs later and perfused with physiological saline, followed by 4% paraformaldehyde (FA), 0.2% glutaraldehyde (GL), and 0.2% picric acid (PA) in 0.1 M phosphate buffer (PB). The brains were immersed in the same fixative without GL for 48 hrs, washed in 0.1 M PB containing 20% sucrose for 24 hrs at 4°C, and then sliced in frontal blocks. After washing, the blocks were cut serially in a cryostat at 20 ~m in a frontal plane. These sections were stored in 0.1 M phosphate buffered saline (PBS) containing 0.3°o Triton X-100 at 4°C. Sections were incubated in serotonin antiserum (diluted 1: 26,000 with PBS containing 0.3% Triton X-100) for 48 hrs, and then processed as floating slices. After incubation in the second antiserum (goat anti-rabbit IgG, Miles-Yeda Ltd. 1:200) for 3 hrs and the third one (rabbit peroxidase-antiperoxidase complex, Daco, Co. 1:200) for 90 min the sections were treated for peroxidase reactivity with 3, 3'-diaminobenzidine.
Following mounting on the slides and osmification, some sections were counterstained with cresyl violet.
A full account of the preparation and specificity of the antiserum used in this study has been given elsewhere (TAKEUCHI et al., 1982) .
RESULTS
Rat: In the nontreated rats and in those given a small dose (100 mg/kg) of nialamide, a highly dense distribution of varicose serotonergic fibers was observed throughout the hypothalamus, but serotonin-immunoreactive neurons were not found. We found a group of serotonin-immunoreactive perikarya in the rats given 300 mg/kg of nialamide, in the nucleus dorsomedialis hypothalami (DMH). These neurons were small (9-lOpm in diameter) and ovoid. The processes of these neurons could not be detected, although a moderate number of varicose serotonergic fibers was found in the DMH. The intensity of the immunostaining of these neurons was increased when the rats received a high dose (500mg/kg) of nialamide.
At this dosage, the processes of the neurons were detected.
They were thin varicose fibers, located adjacent to the neurons. In the other parts of the central nervous system of the rat, serotonin immunoreactive cell bodies occurred in the pars compacta of the substantia nigra and area tegmentalis ventralis of Tsai when the nialamid dose was 500 mg/kg, and in the area postrema when the nialamide dose was 300 mg/kg.
Cat: We found a group of serotonin-immunoreactive neurons in cats given 500mg/kg of nialamide, in the lateral hypothalamic area (LHA). These neurons were sparsely distributed in the ventral part of the middle to caudal LHA, and had large (20-40 tcm in Serotonin Neurons in the Hypothalamus 407 diameter) cell bodies of various shapes. They had thick processes that could not be traced very far from these neurons.
In each cat given the nialamide pretreatment, serotonin-immunoreactive cell bodies were not found either in the DMH or elsewhere in the brain.
DISCUSSION
A group of the serotonin immunoreactive neurons demonstrated by pretreatment with a large dose of nialamide (over 300 mg/kg) was observed in the DMH of the rat. In all of these studies, the characteristic neurons containing serotonin were detectable only after the administration of both a monoamine oxidase inhibitor and serotonin or a serotonin precusor. They were not demonstrated if only the monoamine oxidase inhibitor or the serotonin precursor was given. For this reason, FRANKFURT et al. (1981) suggested that the turnover of indoleamine in the perikarya of these particular neurons was slow, and that the synthesis of serotonin in the cytoplasm was limited by the availability of substrate. In our studies, however, the immunoreactive, i.e., serotenin-containing neurons were detectable using the PAP method after pretreatment with nialamide in large doses alone, and immunoreactivity in these neurons increased in response to the dose of nialamide. These results suggest that the immunoreactive neurons contain large amounts of monoamine oxidase (MAO), and furthermore that their rate of serotonin catabolism is higher than that of synthesis. Under physiological conditions, therefore, the Serotonin immunoreactivities of these neurons are masked.
In this study of the rat brain, the serotonin-immunoreactive neurons were further demonstrated in the pars compacta of the substantia nigra, the area tegmentalis ventralis of Tsai, and the area postrema in which serotonergic perikarya are normaly never observed. These results are in agreement with previous autoradiographical (CHAN-PALAY, 1977) and lmmunohistochemical (STEINBUSCH et al., 1982) studies. CHAN-PALAY (1977) , however, reported that after treatment with [3H]-serotonin, the presence of labeled neurons were autoradiographically demonstrated in several other regions of the brain, such as the nucleus suprachiasmaticus, nucleus ventromedialis, and nucleus habenularis medialis. Also, KENT and SLADEK (1978) , using formaldehyde-induced fluorescence histochemistry, observed the yellow fluorescent cells in the nucleus arcuatus of rats pretreated with either reserpine and pargyline or with reserpine, pargyline, and L-tryptophan.
In our study, additional serotonergic neurons were not detected in other parts of the rat brain, except the areas mentioned above. POITRAS and PARENT (1975) , using the FIF method, observed serotonin-containing neuronal somata in the LHA of the middle and mammillary hypothalamic regions of nontreated cats. In our immunohistochemical study, however, serotonin immunoreactive perikarya in the LHA of the same animal could not be demonstrated either under nontreated condition or after 300 mg nialamide pretreatment.
This discrepancy between the results of fluorescence histochemical studies and of immunohistochemistry may be due to the uncertainty of the formaldehyde-induced serotonin-fluorophore. However, the appearance of immunoreactive neurons in the LHA of the cat appears to depend on the dose of nialamide.
The functional significance of these masked serotonergic neurons remains to be explored in further studies.
